ABSTRACT. To find definitive RFLP sites for canine sex determination, DNA segments corresponding to parts of the canine ZFX and ZFY genes were amplified by PCR and were directly sequenced. According to the newly defined sequence data, the combination of HaeIII and Cfr13I sites was found to be useful for not only identifying the sex of the canine DNA samples but also distinguishing them from the human DNA. Conveniently, these two enzymes worked simultaneously in the same single buffer. The double-digestion of the ZFX/ ZFY PCR products with HaeIII and Cfr13I showed banding patterns unique to males and females in Canis familialis. This PCR/RFLP method was confirmed to be applicable to various breeds of dog. KEY WORDS: Canis familialis, PCR/RFLP, sex determination.
The development of definitive techniques for sex identification is of importance in various research fields such as embryo implantation, sex-linked genetic disorders and forensic use. The gender of a variety of animals, with a heteromorphic system of sex chromosomes, can be determined from individual DNA samples by rapid, sensitive and simple polymerase chain reaction (PCR)-based methods [1-4, 6, 7, 10-12] . One representative assay is based on the existence of the sex dependent restriction fragment length polymorphisms (RFLP) found between regions amplified from each of the homologous zinc finger protein loci (ZFX/ZFY) of the sex chromosomes [1, 10] . Since these genes are assigned on the X and Y chromosomes in all placental mammals [8, 9] , this assay allows sex determination of the dog (Canis familialis). PCR has been used to amplify a portion of canine ZFX and ZFY genes and subsequent RFLP analysis by HaeIII or TaqI were able to distinguish between the two sexes in the dog [6] . This information was utilized in experiments of bone marrow transplantation in the dog [5] . However, a disadvantage of this method is that the RFLP banding patterns of canine DNA are indistinguishable from those of human DNA because of the identical patterns of RFLP with HaeIII for canine and human ZFX fragments and because of the lack of TaqI sites for the human ZFX and ZFY fragments as well as the canine ZFX fragment. This is not suitable for unambiguous canine sex determination, since there always is the possibility of contamination by human DNA in conventional PCR techniques even if care is taken. It is therefore desirable to obtain RFLP patterns solely specific to canine female and male DNAs. Therefore, we surveyed the DNA sequences of the ZFX/ZFY fragments to find diagnostic cleavage sites. In the present study, we obtained the precise and informative nucleotide sequences for the canine ZFX and ZFY fragments and then established a precise PCR/RFLP-based method for sex determination of the dog.
Peripheral blood samples were collected from 2 male and 2 female Beagle dogs, and DNA was extracted from each sample with a GenTLE TM kit (TaKaRa, Kyoto, Japan) according to the manufacturer's instructions. Amplifications of the predicted 447 bp segments corresponding to parts of the canine ZFX and ZFY genes were carried out in 50 µl of mixture containing approximately 100 ng of template DNA, 0.4 µM each of primers (P1-5EZ: ATAATCA-CATGGAGAGCCACAAGCT and P2-3EZ: GCACT TCTTTGGTATCTGAGAAAGT) [1] , 200 µM each of dNTPs and 1 × PCR buffer (10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 ), and 1.25 units of Taq polymerase (TaKaRa, Kyoto, Japan). The amplification profile was one cycle of 94°C for 4 min; 33 cycles of 94°C for 45 sec, 60°C for 45 sec and 72°C for 1 min; and 1 cycle of 72°C for 7 min. The ZFY segment in the male PCR products could readily be separated from the ZFX segment by RFLP analysis, since the ZFY lacked HaeIII sites whereas the ZFX contained a unique one [6] . Each segment was excised from the agarose gel and purified with Ultrafree-DA TM (Millipore, MA, U.S.A.) and Microcon YM-100 TM (Millipore, MA, U.S.A.). Each purified DNA was directly sequenced for the region between the above primer sites in both directions, using an ABI 373A automated sequencer (Applied Biosystems, CA, U.S.A.).
Aside from the primer-annealing regions, both fragments were 397 bp in length. The nucleotide sequences of the ZFX and ZFY segments were submitted to the DDBJ and assigned accession numbers AB027764 and AB027765, respectively. As shown in Fig. 1 , these sequences (cZFX/ 2000 and cZFY/2000) were different from those previously reported [5] (cZFX/1998: accession number AF027765, and cZFY/1998: accession number AF027766) by several sites. The most interesting finding revealed in the present study was that the canine ZFY lacked Cfr13I restriction sites while the canine ZFX had a single one. This novel feature was of particular value for RFLP analysis of sex determination specific to the dog.
Five to ten µl of each PCR product were digested simultaneously with 3 units each of HaeIII (TaKaRa, Kyoto, Japan) and Cfr13I (TaKaRa, Kyoto, Japan) restriction enzymes in a single buffer containing 10 mM Tris-HCl, pH 7.5, 10 mM MgCl 2 , 1 mM dithiothreitol and 50 mM NaCl. Cleaving a DNA substrate with these two enzymes did not require the use of different buffers. Aliquots of each reaction product were analyzed by electrophoresis in 2.0% agarose/TAE gels post-stained with ethidium bromide (Fig. 2) . The canine female (ZFX/ZFX) PCR product was cleaved into three fragments of 241 bp, 161 bp and 45 bp long and the male (ZFX/ZFY) product yielded a total of four fragments; three fragments (241 bp, 161 bp and 45 bp long) from the X chromosome and an undigested fragment (447 bp) from the Y chromosome that lacked both HaeIII and Cfr13I sites (Fig. 1) . In contrast, the same double-digestion of human female PCR products with HaeIII and Cfr13I enzymes generated only two fragments of 402 bp and 45 bp because of the single HaeIII site in ZFX whereas human male products yielded two more fragments of 318 (317) bp and 83 (84) bp due to the additional Cfr13I/HaeIII sites in ZFY (Fig. 1) , in addition to the two fragments from the X chromosome (402 bp and 45 bp). Although the small fragments of 83 (84) bp and 45 bp were not always visible or distinguishable in 2% agarose gel, the presence of visible bands larger than 161 bp were sufficient for concluding the origin of the sample (Fig. 2) . Each PCR/RFLP banding pattern from both sexes of humans and dogs was thus distinct.
DNA samples from 32 male and 33 female dogs of 21 breeds: Beagle (9) for sex determination using the PCR/HaeIII,Cfr13I-RFLP technique. All samples yielded the same results as shown in Fig. 2 (lanes 4 and 5) . Thus the polymorphic sites for the canine ZFX and ZFY are conserved among different breeds of dogs. The RFLP pattern predicted on the basis of the cZFY/1998 sequence was never confirmed. The precise sequence data for the canine ZFX/ZFY genes and the modified PCR/RFLP method presented here allowed us to determine the sex of a variety of domestic dogs successfully.
